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-sttutíARY
During the last decades the condit ions of European forests
have dec l ined due to  the  in f luence o f  so-ca l1ed ac id  ra in .
V i ta l i - t y  o f  t rees  has  decreased as  we l l  as  f requency  and
species r ichness of the corresponding rnycorrhiza.
Var ious  so i l  fac to rs  such as  N (NHo*  and No, - ) ,  A1  and
nutr ient concentrat ion are thought to contr ibute to the
dec l ine  o f  t ree  and ec tomycor rh iza  v i ta l i t y .  The a im o f  the
present investigation was to study the effects of the above
mentj-oned factors on Douglas f ir  (Pseudotsuga menziesi i
IMirb. ]  Franco) mycorrhizal or nonmycorrhizal wit ir  Laccaria
bicoTor. The experiments were performed in hydroculture under
cont ro l led  cond i t ions  in  a  c l imate  chamber .
rn most experiments a balanced nutr ient solut j-on was used,
and nitrogen rdas added as NHn* and NO.-. Lowering of the
phosphate level resulted in decreased nitrogen uptake. Under
these condit ions NHo* uptake remained unchanged while the
uptake o f  NO, -  was  grea t ly  reduced.  Th ls  observa t ion  ind ica tes
tha t  NHo*  is  the  pre fer red  N spec j -es  o f  Doug las  f i r  (Chapter
3 ) .  The preference for NHo* also becomes clear from the results
in chapter 6; in sol-ut ions containing only NHo- and No.- the
apparent capacity (V""* value) for NHo* uptake was higher than
that for NO,- uptakê. At the same t ime the apparent aff ini ty
for NHo* was al-so higher (Iower K, value). Í ' Ihen both NHo* and
NO3- hrere present only NHo* was taken up while NO"- uptake was
a lmost  to ta l l y  inh ib i ted .  Doug las  f i r  seed l ings  mycor rh iza l
with -Laccaria bicol.or had sl ightly higher V,"* values for NHo*
and NO3-  up take  than nonmycor rh iza l  seed l ings .
High external- nutr ient concentrat ions i-nf luenced mycorrhiza
formation and functioning negatively whi- le mycorrhizal
development was very good at low nutr ient concentrat ions. Àt
very low external nutr ient concentrat ions mycorrhizal plants
were  smal le r  than nonmycor rh iza l  p lan ts .  Under  the  la t te r
condit ions the fungus and the host evidently compete for
organ ic  mater ia l  wh i le  the  presence o f  mycor rh iza  does  no t
supp ly  the  hos t  w i th  ex t ra  nu t r ien ts .  A t  h igh  ex terna l
nu t r ien t  cond i t ions  the  mycor rh iza l  p lan ts  were  a lso  smal le r
than the  nonmycor rh iza l  p lan ts .  Under  a l l  o ther  cond i t ions
nycorrhj-zal plants often were bigger than nonmycorrhizal
p l a n t s  ( C h a p t e r  2 ) .
There was abundant mycorrhiza development in the presence of
NHo* and NO,-. Mycorrhiza development was also very good when
NHo* was the sole N source. However, hthen NO.- was the sole N
source mycorrhiza formation r^ras very poor (Chapter 4). ïn the
same chapter  i t  i s  shown tha t  there  was no  d i f fe rence in  p lan t
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grohtth h/hen pl-ants were gro$/n in nutr ient solut ions containing
1ow concent ra t ions  o f  e i ther  NHo*  or  NO3-  o r  a  n ix tu re  o f  bo th .
The pH o f  the  nu t r ien t  so lu t ion  remained a t  4 .5  when bo th  NHn-
and NO3-  were  ava i lab le  as  the  N source  and the  so lu t ion
ac id i f ied  to  a  lower  pH wi th  on ly  NHn.  p resent  and a lka l in ized
wi th  NO.-  as  the  N source .
Growth  o f  mycor rh iza l  and nonmycor rh iza l  Doug las  f i r
seedlings on a mixture of NHo* and No.- at arnple concentrat ions
was much better at a pH of 4 and 5 than at pH 3. Many new sj-de
roo ts  were  fo rmed a t  pH 5 .  The conten t  o f  espec ia l l y  K*  in  the
roots was low at a pH of 3 compared with the content at higher
p H  ( c h a p t e r  5 ) .
At a 1ow soi l  pH A1 is often thought to contr ibute to darnage
to  t rees  and ec tornycor rh izas  a long w i th  N.  Low ÀI
concent ra t ions  (<O.5  mM) s t imu la ted  growth  o f  Doug las  f i r
wh i le  h igher  leve ls  (>0 .5  rnM)  reduced growth .  Ca and Mg
conten t  decreased due to  the  presence o f  A1 (Chapter  i ) .
In the f inal chapter an attempt is rnade to define optirnal
c o n d i t i o n s  f o r :
1 )  g rowth  o f  the  hos t  spec ies  Doug las  f i r ,
2) growth of the mycorrhizal fungus Laccaria bicoTor, and
3)  nycor rh Íza l  fo rmat ion  and func t ion ing .
It  was found that a high external nutr ient concentrat ion
negat ive ly  in f luences  rnycor rh iza l  fo rmat ion  be tween Doug las
fir  and Laccaria bicoLor. The separate partners are however,
ra ther  to l -e ran t  to  h igh  nu t r ien t  concent ra t ions .  As  regards  to
pH and N source i t  was also found that the separate partners
are  less  sens i t i ve  than the  mycor rh i -za .
I t  i s  obv ious  tha t  a  complex  o f  c lose ly  l inked fac to rs  a re
respons ib le  fo r  the  dec l ine  o f  t rees  and ec tomycor rh iza .  The
present  resu l ts  ind ica te  tha t  the  cond i t ions  wh ich  have been
observed in the Dutch forests during the last decennia are
such, that a further decrease of mycorrhiza freguency may be
expected and that moreover thelr functioning wil l  become poor
and tha t  th is  w i l l  have ser ious  consec Íuences  fo r  the  hos t .
